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1. Background 
Illustration: EU “Raw Materials Initiative”:  
 
•Aim: securing sustainable supply of raw materials 
 
•Launched in 2008, consolidated in 2011 
 
•Non-energy, non-agricultural raw materials 
 
•Connecting EU external and internal policies  
 
•Integrated strategy (3 pillars)  
 
 
 
Mega trend in sustainable development: 
   shift from emissions to resources 
2. Resource efficiency and exergetic efficiency 
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Indicators? 
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      Benefits 
  Resource efficiency =  _______________________   
 
    Inputs/Burden/Impact 
- Framework for Resource efficiency metrics (Huysman et al. 2015) 
- Only 2 universal units that are able to capture energy and mass: 
- Economic sciences: € 
- Natural Sciences : MJexergy   
 
 
Resource efficiency analysis using exergy: 
2nd law of thermodynamics: 
‘all real processes generate entropy’ 
‘all real processes generate loss of work potential’ 
 
Resources Exergyin 
Exergyout 
Product 
Exergetic 
efficiency 
ExergyProd 
Waste ExergyWaste 
Source: Dewulf et al. ES&T, 2008 
Example in the pharma industry: 
Green Chemistry: Supercritical CO2 
0
2
4
6
8
10
12
14
16
18
20
HPLC SFC
E
x
e
rg
y
 c
o
n
s
u
m
p
ti
o
n
 (
G
J
/F
U
)
Cleaning solvents
Thermal
Electromechanical
Inert gas
Liquid CO2
Chemicals
Van der Vorst, Green Chem., 2009 
9 Favrat et al., Energy, 2008 
Example in the building industry: 
 
IEA : 
 Energy Conservation in buildings and Community Systems (ECBCS) 
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3. Life cycle thinking and  
     exergetic life cycle assessment 
EC Communication on Integrated Product Policy (COM (2003) 302): 
“Life Cycle Assessments provide the best framework for assessing 
 the potential environmental impacts of products currently available” 
European Platform for LCA 
 (EPLCA) 
Life cycle thinking: 
Life cycle assessment (LCA): 
Policy level: 
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Life Cycle Assessment  
 assessing impacts on: 
- Ecosystem health 
- Human health 
- Natural Resources (↔ resource depletion) 
- Highly debated subject: science/policy makers/industry 
 
- Problems with implementation in LCA (PEF pilots, 2013-2016):  
Exergy: basis to address Natural Resources in LCA 
  
 Exergetic life cycle assessment 
   
  Cumulative Exergy Extracted from the Natural Environment 
  (CEENE) 
13 Source: Dewulf at ECOS Conference, Lausanne, 2010 
CEENE: - Addressing Natural Resources in LCA 
    - Enabling resource efficiency analysis at the life cycle level 
  
Resource efficiency at the life cycle level 
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Context: Directive 2003/30/EC the promotion  
of the use of biofuels or other renewable fuels  
for transport 
CEENE: Analyzing the nature of resources at the cradle … 
  
CEENE analysis published in 2005: 
4. Resource footprint and cumulative exergy 
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Per capita  USA Belgium India 
Water  
footprint (m³) 
664 m³ 411 m³ 298 m³ 
Ecological  
footprint (ha) 
3.2 ha 2.6 ha 0.2 ha 
Material  
footprint (kg) 
29.5 ton 30.2 ton 3.7 ton 
Footprint indicators: Pressure on nature in absolute values 
• fossil fuels 
• metals 
• minerals 
• biomass 
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Overall resource footprint = Exiobase 
database 
CEENE method 
Quantifies different resource types 
+ 
Macro economic input output: 
Country and sector specific 
Source: Huysman et al., Environ. Sci. Technol. 2014 
Illustration: overall resource footprint of the EU-27 consumer 
Food Mobility Goods Shelter Services 
Source: Huysman et al., J. Clean. Prod., 2016 
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Resource savings by the circular economy: how many? 
Case: Plastics 
Indicators: Recycling Benefits Indicators: 
  - CEENE as basis to quantify resources at cradle 
  - Recycling benefit approach from EC-JRC 
- 
= 58 % Recycling Benefits = 
Resource footprint avoided by recycling 
Resource footprint over the life cycle of the product 
58% of the 
resources is saved 
(in exergy) 
Source: Huysman et al., RCR, 2015 
Indicating the circularity benefits in terms of natural resource savings: 
5. Conclusions 
 
- Focus on resources for sustainability: 
  not anymore on emissions (only) 
- Need for a holistic view: 
 - multilevel: process → plant → life cycle 
 - resource efficiency 
 - resource footprinting 
- Exergy is a good base to develop indicators 
- Exergetic efficiency at process level 
- Efficiency at life cycle level through coupling with 
LCA 
- Resource footprinting through coupling with 
economic information (input output) 
- Base to indicate circular economy benefits 
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Thank you for your attention! 
 
 
Welcome to contact at: 
 
Jo.Dewulf@UGent.be 
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Back up slide: spatial differentiation of raw materials for diesel fuel 
